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ous medical P^^^mw.. meshes, vascular 
limitation, stents capers, s 

grafts, shunts ■""EEJSJS open tubular struc- 

[0003] ^ te -^^:Sly important in medical 

tures, have become n?"™™* body lumens. 

procedures to ^^JSm^mmM proce- 
Stentsnowarecorr^nj-use^ ^ btood 

Cures such as ^^r^ However, deploy- 

,,0W to ^ S!££2r5* body reactions 
ment of stents may ,f™^rw_, te or restenosis, 
thereto that ^ *££5££ a variety of stent 

100041 *I2SSCTSI been proposed tore- 
coatings and compos Oons ^.-phe coatings 
duce the Incidence ot these ft the 
ma ybecapablethemselves of reduce 

Sent pmvides toured --^ n08ts . Ate r- 
the tendency towards thwnb * B ^whera- 

peutlc agent or drug to *e ^ ^rted 

muscle tissue pro iteration or km b ^ ^ 

e.g. tax* rapTOfcm. <*"■ " ThOTe< »»«. ». 

ssitat*— — — 

reported as coatings for srene k j horn opolymers 

rSrs. ^TlCs oTSiy y^- ^ 
have been used as »g h ^Mt* 

[0007] Stents w^^n«dejmm IJJ^. 
eflouride hornopolymers and icon ^ been 
caW.erapeutic agente " « polyfl uoro 
suggested. However. Jph as high quality 



« Q « nreaterthan about 125-200-C, 

fective for use In sucn oev '"~ 
Ave* low maximum temperatures. 
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raoM , ^^^ESEEZ 

coatings and "^^s JSng such coatings 
vices and medical ^vices wrnpre 9 ^ ^ 

and films applied to a btoC ompat- 
contact with body tissue of a m^rn^ ^ ^ 

We film provides an inert «*^ rt-0B of the de- 

vice in the mammal. The cobwb d from an 

flim-forming P^jSoCthe group con- 
amount of a first mo f ^l^Lfrafluoroethylene. and 
slstingofvlnylldenefluori^an^tiuo ^ ^ 

an amount of a second capable of pro- 

monomer, said ^"^^TepoSoro copoly- 
viding elastomertc *™ Corner and the 

mer, wherein the ^^/^de the coaling 
o second monomer are f^,^ use in coating lm- 
and film with P"**"*"*^ me coated device b 
plantable medca. than about 

subjected to a maximum temperature o 

100°C. 

« aon over which no ^* ^Sn ddWB released 

Tnr .^oignnMOF-ml 
amount of a first monomer seiecwo 
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sistlng of vinylidenefluorldeandtetrafluoroethylene, and 
an amount of a second monomer other than the' first 
monomer, said second monomer being capable of pro- 
viding elastomeric properties to the polyfluoro copoly- 
mer, wherein the amounts of the first monomer and the 5 
second monomer are effective to provide coatings made 
from such PVDF copolymers with properties effective 
for use in coating implantable medical devices, where 
the coated device Is subjected to a maximum tempera- 
ture of less than about 1 0O'C. The coatings may com- ro 
prise pharmaceutical or therapeutic agents for reducing 
thrombosis or restenosis, and stents coated with such 
coatings may provide sustained release of the agents. 
Rims prepared from the polyfluoro copolymer coatings 
providetherequiredphysfcalandmechanicalproperties is 
required of conventional coated medical devices, while 
maintaining maximum temperatures to which the de- 
vice, coatings and films are exposed at relatively low 
temperatures, e.g. less than about 1 00°C, preferably at 
about ambient temperatures. This is particularly impor- so 
tent when using the coating/film to deliver pharmaceu- 
tical/therapeutic agent or drugs that are heat sensitive, 
or when applying the coating onto temperature-sens^ 
tive devices such as, but not limited to, catheters. 
[0015] The present invention comprises polyfluoro 25 
copolymers that provide improved biocompatible coat- 
ings for medical devices, TTiese coatings provide inert 
surfaces to be In contact with body tissue of a mammal, 
e.g. a human, sufficient to reduce thrombosis, or rested 
nosis, or other undesirable reactions. While most report- 30 
ed coatings made from polyfluoro homoporymers re- 
quire high heat, e.g. greaterthan about 125°C, to obtain 
films with adequate physical and mechanical properties 
for use on implantable devices, e.g. stents, films pre- 
pared from the polyfluoro copolymers of the present In- 35 
vention provide adequate adhesion and resistance to 
cracking when formed on medical devices and subject- 
ed to relatively low maximum temperatures, e.g. less 
than about 1 00°C, preferably less than about 65°C, and 
more preferably less than about 60°C. 40 
[0016] The polyfluoro copolymers used for coatings 
according to the present invention must be film-forming 
polymers that have molecular weight high enough so as 
not to be waxy or tacky. The polymers and films formed 
therefrom must adhere to the stent and not be readily <s 
deformable after deposition on the stent as to be able 
to be displaced by hemodynamic stresses. The polymer 
molecular weight must be high enough to provide suffi- 
cient toughness so that films comprising the polymers 
will not be rubbed off during handling or deployment of so 
the stent. In certain embodiments the coating will not 
crack where expansion of the stent occurs. The flow 
point of the polymer used in the present invention should 
be above 40°C, preferably above about 45°C, more 
preferably above 50«C and most preferably 'above 55 
55°C. 



[0017] Coatings of the present invention comprise 
polyfluoro copolymers.as defined hereinabove. The 



second monomer used to prepare the polyfluoro copol- 
ymer may be selected from those biocompatible mono- 
mers that would provide biocompatible polymers ac- 
ceptable for implantation In a mammal, while maintain- 
ing sufficient elastomeric film properties for use on med- 
ical devices claimed herein. Such monomers include, 
without limitation, hexafluoropropylene (HFP)' 
tetrafluoroethylene (TFE), vinylidenefluoride, 1-hydro- 
pentafluoropropylene, perfluoro(methyl vinyl ether) 
chlorotrifluoroethylene (CTFE), pentafluoropropene, tri- 
fluoroethylene, hexafluoroacetone and hexafluoroi- 
sobutylene. 

[001 8] Preferred polyfluoro copolymers are prepared 
from vinylldinef luoride as the first monomer and HFP as 
the second monomer, in the weight ratio of from about 
50 to about 85 weight percent vinylldinef luoride to about 
50 to about 15 weight percent HFP. More preferably, 
PVDF copolymers are prepared with from about 55 to 
about 70 weight percent vinylldinefluoride and from 
about 45 to about 30 weight percent HFP. Even more 
preferably, PVDF copolymers are prepared with from 
about 55 to about 65 weight percent vinylidinefluoride 
and from about 45 to about 35 weight percent HFP The 
polyvinylidenefluoride (PVDF) copolymers are soluble, 
in varying degrees, in solvents such as dimethylaceta- 
mide (DMAc), tetrahydrofuran, dimethyl formamide, 
dimethyl sulfoxide and n-methyl pyrrolidone. Some are 
soluble In methylethylketone (MEK), acetone, methanol 
and other solvents commonly used in applying coatings 
to conventional Implantable medical devices. 
[0019] Conventional polyfluoro homoporymers are 
crystalline and difficult to apply as high quality films onto 
metal surfaces without exposing the coatings to relative- 
ly high temperatures that correspond to the melting tem- 
perature (T m) of the polymer. The elevated temperature 
serves to provide films prepared from such PVDF 
homopolymer coatings that exhibit sufficient adhesion 
of the film to the device, while preferably maintaining 
sufficient flexabllfty to resist film cracking upon expan- 
sion/contraction of the coated medical device. Films and 
coatings according to the present Invention provide 
these same physical and mechanical properties, or es- 
sentially the same properties, even when the maximum 
temperatures to which the coatings and films are ex- 
posed is less than about 1 00°C, and preferably less than 
about 65°C. This is particularly important when the coat- 
Ings/films comprise pharmaceutical or therapeutic 
agents or drugs that are heat sensitive, e.g. subject to 
chemical or physical degradation or other heat-induced 
negative affects, or when coating heat sensitive sub- 
strates of medical devices, e.g. subject to heat-induced 
compositional or structural degradation. 
[0020] One embodiment of the invention comprises 
stents coated with afilm of a PVDFcoporymer according 
to the present invention. Conventional stents are used 
in translumenial procedures such as angioplasty to re- 
store adequate blood flow to the heart and other organs. 
They generally are cylindrical and perforated with pas- 
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saaes that are slots, ovoid, circular or the like .shape 
3s also may be composed of helically wound orser- 

structures that are subsequently rolled to form tubular 
oTSrical structures that are woven, wrapped 

TlSai 4 80^^.886.062 and 5.514.154. the 
eai o, which Is incorporated herein in its en- 
2, « i/seTf orth herein. These stents can be made of 

\Z>h\L materials Suitable biocompatible metals in- 
STb J ^e limited to. stainless steel, tantalum, 
t^um allovs (including nltinol). and cobatt alloys (in- 
rCSi^mium-nicKe. alloys). Suitable non- 
Site biocompatible materials include.but are nothm- 
S po^nSes. potyolefins (i.e. po^ne P£ 
^teneetc) nonabsorbable polyesters (I.e. polyeth- 
and bloabsorbabte aliphrtte po£ 
SereO e homopolymersandavolymersoflacbcaod. 
^c add. lacride. gVcol.de. Pa"««°*anone, £ 
mXylene carbonate, e-caprolactone. and blends 

Sf" The Aim-forming biocompatible pdyme. -«* 
^generally are applied to the stent tin- orderto reduce 
loc al turbulence in blood flow thmugh the stent as weH 
^adverse tissue reactions. The coatings end fflms 
formed therefrom ateo may be used to a^n^ 
nharmflceuticallv active material to the site of the stern 

be applied to the stent will vary depending on among 
oSoSbie parameters, the particular PVDF copo^- 
mer use?to prepare the coating, the stent design and 
Tde^ed effort of the coating. Generally, the coated 
stent wll comprise from about 0.1 to about 15 weight 
te^XoTS* coating, preferably from about OA to 
K 10 weight percent The polyfluoro c*pofymer 
coatings may be applied In one or more coattng s eps 
Spendng on the amount of po.y1.uoro copofyrner to be 
applied. Different potyfluoro coporymers b » U «J 
^different layers in the stent coating. In .fact, incertaln 
embodiments, it is highly advantageous to use e diluted 
££Eg so.ut.on comprising a potyfluoro copolymer 
u. prime? to promote adhesion of a subsequent pdy- 
fluore copolymer coating layer that may corrtam pha^ 
Zace^Tc^e materiels. The IndMdua Ratings 
may be prepared fmm different polyfluorowpo^e^ 
1 Additionally.atopcoatingcanbeappnedtode- 
av re ease of the pharmaceutical agent, or they could 
S^themafrixforthe delivery * a Cerent phar- 
maceutteally active material. Layering of coatings can 
Stolgere.easeofthedrugortocontrolre.ease 

of different agents placed in different layers. 
[00231 Blends of potyfluoro copolymers also may be 
usedto centreline release rate of different agents orto 



nmvide desirable balance of coating properties, i.e. 
e^ SSness.etc.. and dreg delivery ^aractor- 
tettcsVg release profile. Polyfluoro copolymers with 
d££re* solubi.ities'in solvents can be used to buHd up 
5 dffferentpohrmerlayerematmaybeusedtodel.verdH- 

ferent dregs orto control the release proffe ot_ 
c«r pvamole PVDF copolymers compnsing 85.5/14.& 
XT* ? l^y^eZ^P) and 00.6*9.4 
S oTpSly(ly«dinefluoride /HFP) are both soluble 

10 £0^0^.00*^ 

tesolubte in methanol. So. a first layer of MWM 
PVDF copotymer comprising a drug could be over coat 
ed with a topcoat of the 60.6/39.4 PVDF copolymer 
,5 made^mememanolsolver^ 

use7to delay the drug deliver of the drug contained in 
usea xo uemy J? . ^-o-d layer could con- 
the first layer. Alternatively, the seconu w>™ 
tainadmerentdrugtoprrwWeforsequente.dm^ 

ery. Multiple layers of different drugs^ "^eprovWed 
*> by alternating layers of first one ^^JT^ 
the other. As will be readily appreciated by those sHHed 
" the art numerous layering approaches can be used 

ins (I.; etoposide. teniposide). antidotes ^actin°my- 
ao cln acttnonU^daunoreblcm doxoreb^Wa- 
rubteln). anthracydines, mitoxantrone. b^mydns^U- 
camycin (mithramycin) and mitomydn enzYm^L^as 
paradnase whteh systemtealfy metabolizes L-aspareg- 
fne" nd deprives cells whteh dont have, toe £££ 
35 synthesize their own asparagme); •"J"**"™ 
amitotic alkylating agents such as nitrogen mustards 
(mechtorethamine. cyclophosphamide and a natogs 
me.phalan. chlorambucil). d^^^J, 
melamlnes (hexamethylmelamine andff^tepa^J 

40 sulfonates-busulfan. nirtosoureas (-""^SSn. 
and analogs, streptozocin). trazenes - dacarbazlnine 
JEST Tnffprol^e/antimitotic anffmetaboWes 
such as folic acid analogs (methotrexate), pynm^e 
analogs (fluorouracll. floxuridine. and cyterablne) pu- 
45 Zanalogsar^elatBdlnh^ 
• ojuanine pentosan and 2-chloredeoxyadenodne 
Sadriblne}); platinum coordination complexes (expla- 
in. carbopVatin). procarbazine, hydroxyurea, mrtotane. 
aminoSutethimlde; hormones (l.e .estrogen) Anttoag- 
50 Snts (heparin, synthetic heparin salts and other MA* 
Sthrembln^ 

minogen activator, streptokinase and urokinase , m£ 
2 Ipyridamole. ttelopidine. dopJdogreK a***n£ 
anumigretory-.antisecretorytbreveW 
ss ry: such as adrenocortical steroids (cort.sol. wrtisone 
fludrocortisone, prednisone, prednisolone. 6o-n,etr£ 
prednisolone, triamdnolone. betamethasone and dex 
amethasone), non-steroidal agents (salcylte aeddenv- 
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atives l.e aspirin; para-aminophenol derivatives I.e. ac- 
etaminophen; Indole and indene acetic acids tin- 

t^T?"'^**' et0da,ac )' hete ™aryl acetic 
adds (tolmetln diclofenac, and ketoro.ec). anionic 
acids (ibuprofen and derivatives), anthranllic acids 
(mefenamic acid and meclofenamb acid), enolic acids 
(piroxicarn tenox,cam. phenylbutazone, and oxyphent- 
ha^one). nabumetone. gold compounds (aunLfin 
a ^"cose.go.d sodium thiomaiate); ininunosup: 
pressive. (cjrclosponne/ tacrolimus (FK-506). sirolimus 
(rapamycin). azathioprine. mycophenolate mofetil); An- 
giogenic: vascular endothelial growth factor (VEGR fl- 
eer^. £ T ,h / aC,0r (FGF): niWc «'°a dono re; anl- 

nucleot,dcs and combinations thereof. 
PW26] coating may be formulated by mixing one or 

P^r«T- mte T nteWfth,heroaUn 9pVuoroco- . 
polyme re in a coating mixture. The therapeutic agent 
may be present as a Uquid. a finery divided solid, or any 
other appropriate physical form. Optionally, the coatino 
mixture may Include one or more additives e o no„ 
toxfeauxiliarysubstancessuchasilueS 
dplente. stabilizers orthe like. Other suitable TdTttC 

3 tSTf'l the P °*™ and Pnarmaceu? 
Sh.^ Kl 9ent W ^P 0 """- For example hy- 
2!hr ?*T add6d ,0 a Woccmpatble hy- 
dSS C M f!: 9t0modi, y thef a'aase profile, orahj- 
drophobic polymer may be added to a hydrophillc coat- 
ing to modtiy the reiease profile. One example wouWoe 
adding a hydrophilic po|yrner ^ *JJJ 

0ZI? P^ 16 " 6 ox,de . P^'nyl Pvrrolioone 
polyethytene glycol, carboxylmethyl cellulose, and hv 

to modify the release profile. Appropriate relative 
amoums can be determined by monitoring toe fcvS 
Srr^ Pr ° ffleS,0rmettera P eu ««ge^ 
areThen^he b ^° ndWonsto ^a coating app.,Lon 
PO>ynU0rO COP 0 '/™ and pharmaceutic 

a Z2T* , C ° nta,n the Phamiaceutlcal agent as 
a solid dispersion in a solution of the polymer in solvent 
Under the dispersion conditions, care must be tekeS to 
ensure that the particle size of the dispersed pTa^ a ! 
ceutfcal powder, both the primary powder slL anTtts 
aggregates and agglomerates. ZLJ e„oug h not to 

^a stent that need to remain essentially free of coating 
J 08868 " nere a is applied to the stemand 

^ smoothness of the coating film surface reoJres!nl 
provement, orto be ensured that all particles* the dreo 
arefu.Vencapsu.atedinmepo^e^rin^wh~e 

fTuof c rT 0,rted ~ Sl8tobes,owad .a^arTpoT 
fluoro copolymer only) topcoat of the same polyfluoro 

copo^usedtopmvidesustalnedreleaseofrZ 

rTT^ IUOrOCOP °^ er,hat ' u *arres«i,he 
d^sion of ,he dreg out of the coating can be apX 

toe. £ me sSs ^ P " ed by * ■» "SdW 
to clear the slots. This method is disclosed In United 
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Wtea80n N °- 09/294 . 16 4. the contents 
of which are incorporated herein in their entirety. Other 
methods for applying the topcoat include spin coating 
and spray coating. Dip coating of the top coat can be 

vent. wh ter, sweOs the polyfluoro copolymer, ano tne 

2 " 9 k S ° IUtl0n 8018 88 8 2ero ~ncentration sh£ 
and redissolves previously deposited drug. The time 
spent „ the dip bath may need to be lim Jso lat toe 
d ^ 9 «K 0teXtraCted0U,int0thed "'9-^bath DoZ 
should be rapid so that the previously deposited d^ 
does not completely diffuse into the topcoat 
SSL 71,6 r 0Um °' thera Pa"«c agent will be de- 
» LS," PartteUl8r ^3 ""P' 0 ^ and medical 

^"^"^'"^aated-Typteal^the amount of drug 

27oS °™ % ,0 86001 70% - ™ a typical 
about 0 001% to about 60%. most typically about 

£22. °nf 01 ^ * WBi9ht of me ^ting 
*o I n! , J^ e and type of polyfluoro copolymers 

^'^'nmecoatingfi^containhgftephinnu! 

sired and the amount of drug employed. The product 

c n ooorl nta,n h b, T d8 °' ^ JJES 
* Z rJrr . differem mo,ecu,ar welghte to pro! 

foi^r dre,easeprofiteor ^ 

[0030] Polynuoro copolymers may release dispersed 
drug by diffusion. This can result in prolonged d£» 

H ^ a T 0Unt8 (88y ' 0 001 to 100»J 

cm^in) of the dug. The dosage can be tailored to Xe 

iudonS„^?K &ea,ed, J he S8Verity 0f ,he afnlction, the 
SSTi „w- ! P ?, scrib,nfl P^a'cfan, and the like. 
35 !™ JL ,ndlV,dua,fo,nMJ, a«ons of drugs andpolyfluoro 

SnSl^ may ^ ,68ted 8ppropftele ^ ^ and S 
^models toachievethedeslreddrug release profiles 
For example, a dreg could be formulated with a Poly-' 
fluoro ^copolymer, or blend of polyfluoro copolymer^ 

« Su 0 .:t^ rtentandp, ^ ,n ^ 8ate ^ 

m S > 8y8tem ' 8 - 9 - 25% ethano1 in water. Samples 
of the circulating fluid could be token to determine the 
ratease profile (such as by HPLC, UV anaiysfeT us^ Tof 
mdiotagged molecules). The release of a pharmaceuti- 

ofa^ 0 """ S" 8 *~* C ° 8tina Mo »• '"tenor wall 
t j n al T e " C0U,dbem ^ eted 'nappropriateanimal^ 

bTer^H^ 9 re ' eaSe Pr ° nie C0UW th an be monitor^ 
sn^Z T" S 8UCh *• Dy ^ng samples at 
specrfc times and assaying the samples for drug con- 

»Zl^ 1 ^' Pl8te,8t im8a,n9 methods •teacribed by 
Hanson and Haf1<eri Pr()c ^ ^r 

mote" ! J2?, 9 ? F °' towi " olhi aoraim.,arproced U ret; 
55 S f" ed ' n * e 8,1 08 80,6 ,0 'annulate a variety 
55 of stent coating formulations. V 
P032J While not a requirement of the present inven- 

oS, h n e00at,n w 9S8ndf,,ms n 1 aybecrossllnkedonceap. 
plied to the medical devices. Crossllnklng may be affect- 
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as chemical, heat or taghtln a^o" ^ 

appropriate In *°* e T^ fca , age nts. curing may af- 

films ~ m P re ' n "Se?rugc^uses from the coating. 

feet the rate at when *»«ja ot 

Crossllnkedpolyti^ 

the present invention *teo «nay De use 

nidify the surface ot implantable medical devices 



Example 1: 



160-C, respectively) ,„ solvents 

Ingsf0 r stents J^^ D e ^TN-dlrne«hy«orma- 

ml ! ( iSuP^ahydrefuran (THF) and acetone, 
rolidone (NMP). te ^* by diS solving the pol- 

Polymer coatings ^^ M ^ rt Ta primer, or by 
ymers In acetone at 5 weigmpe ^ 30 

^^S^^aUn^atwereappned 
weight percent as a iop air , or sev- 

to the stents by dipping and I cmec i ■ ^ 
eral hours. followed by 60 C Jor 31 hourly ^ 

adhe ^ P K^TwtniTcoatedinth b mannerwere 
were toobrtUe. When sten^ w tern perature 

of the polymer, a c.e . temperatures, e.g. 

conventional coatings require , nign v ^ 

Example 2: 



_ QtttH ctftnts that underwent ex- 

^reJows^aS^SSonlo- -1* 

pan8to " t ^^ Ste «Jay from the metal. Where nee- 
,n ^ aS Srt^atlngscontainlngsuchcopol- 

^ J^Je el by addition of plastidzers or 
, ^^y^^g^smons. Rime prepared 
the Ike to the coating cunv fe other 

medical devices. P^'^ e ^0 of the stents. 

not susceptible to ^^^^ repeated, this 

,0 [0035] ^ B ^ n9pr ^„t e K5,14T(wtA«t)(vi- 

*" iff* per- 

nvlidenefluorideWFP)and aoo phila . 

cent of rapamyan (Wye* Ayem^^^ 

delphia. PA), based on J^JJJ™, upon 
„ aearfl^matwouW^onal^o^ 

expansion of ^^J^Se. Sieved 
cracking and Pf' ^e^ Se like in the coating 

* SI and other medical devtees. 



100341 a prr.^ 

Pared TlES HFP^^ned by F» NMR. 
14.5 weight percent crystalline than 
was evaluated. This 1 ^SS in Exam- 

the homopolymer and copc^*^ ^ 

TK?STel.X«». tollowed by 60'C for 3 
Sn;"rrandmoreadherentthanth^ 



Example 3: 

mft «i PVDFcopolymers of still higher HFP content 
(00361 PVW cop y polymers were not 

as were then examined. Thfe "^^P J elastomers. 

at 60-C. scanning Catorimetry 

when measured ^°,^ e "^ mracti on. Rims formed 

ttm e *.^S5^^««V (30) ^ 
40 nylidenefluondeAHFP)anaaoo x (Wyeth-Ayerst 

fmy (so) i322 ««- wei9M 

Laboratories. PhBadelpWa^A).oas 

of coating solids, < JJX* provided 

about 9 and 30 weJJMPeroert ^SwJ^ 

" rr'tSTSK ToS drug, in the same 
r n°i -uS, sle k,es o, adheston upon expan- 
ds* ^.^0^^^ 

"""ITSS 21508 Sing 85.5% PVOF ■ and 
copolymer. Sotef zw horn0 g e neous solutions 
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one in each iliac artery, using 3.0 mm balloon and infla- 
tion to 8-1 0 ATM forSO seconds followed aftera 1 mimrte 
interval by a second Inflation to 8-10 ATM for 30 see- 



in the polymer, is obtained. Conversely, when an amor- 

ftl 0 ^^ 01 ^ 8 '' F ' UOrel 2261Q ' ot PDVF/HFP at 
60.6739.5 (wt/wt) forms a similar 30% solution of ra- 

pamycin in DMAc/MEK and is similarly dried, a white Z'c 7 " OW, " a mnm ° n 10 W0 A ™ ,or 30 sec- 
film, indicating phase separation of theorug and th "pol 5 Zte^r^ 9 "^*^™"**™^™'- 
ymer. is obtained. This second drug confining film is of thTsttf ^ ^ dep,0Vment P° s, «°" 

S «« t0 ?' eaSe thS dfU9 into an >" vi *° t«t so- 
ution of 25% ethanol in water than is the former clear 

f l^f m J S ? e ' 215M - X ^ of both 

Ims mdicates that the drug is present in a non^rystal- 

Sfh °Tp / ° r V6,y ^ S0lub,,,,y - fte *«■ 
h gh HFP contarmng copolymer results in slow perme- 

hnl". dr " 9 thr0U9h me "in coating film. Permea- 
bility Is the product of diffusion rate of the diffusing spe- 
cies (in this case the drug) through the film (the copoly- 
mer) and the solubility of the drug in the fflm 



co'S! 8 4: ,n vttro re,ease resuns °' rapam y cin ,rwn 

[0039] Figure 1 is a plot of data for the 85.5/145 vi- 
nyWenefluoride^FP polyfluoro copolyme, indicating 
fraction of drug released as a function of time, with no 
topcoat. Figure 2 is a plot of data forthesame polyfluoro 
copolymer over which a topcoat has been disposed, in- 
dicating that most effect on release rate is with a clear 
topcoat. As shown therein. TC150 refers to a device 
comprising 150 micrograms of topcoat. TC235 refers to 

,h a™?" 8 °' ,0pCOatl eto - R 9 ure 3 is « Plots for 
the 60.6*9.4 vinylidenefluorlde/HHF polyfluoro copoi 

hme. shovring significant control of release rate from the 
coaflng w»,outthe use of a topcoat. Release is control- 
led by loading of drug in the film. 

Example 5: in vivo stent release kinetics of rapamycln 
from poly(VDF/HFP). y 

[0040] Nine (9) New Zealand white rabbits (2.5-3 0 
kg) on a normal diet were given aspirin 24 hours prior 

mISLT*- " *• Wme °' sur9ef y- "I™* were 
premedtoted wrth Acepromazine (0.1-O.2 mg/kg) and 

E2f I""" 8 Keten *>««y'«'ne mixturf^ mg/ 
kgandSmg/kg, respectively). Animalswere givenasin- 

Sil raP i roC8dUral d0Se of he P a "n (150 lU/xg. ,.v.) 
[0041] Arteriectomy of the right common carotid ar- 
tery was performed and 5 F catheter introducer (Cordis 
Inc.) coated with a film made from polWVDF/HHn 
(60.6/39.4) placed in the vesse. andancbcE 
atures Jodine contrast agent was Injected to visualize 
the right common carotid artery, brachiocephalic trunk 

cm S T\- 8,9er8b,e 9Uid8 <° ■«« '~h/1 60 
cm, Cordis, Inc.) was inserted via the introducer and ad- 
vanced sequentially into each Iliac artery to a location 

uiZVh a,,e,y P0SSesses a diameter closest to 2 mm 
using the ang,ographic mapping done previously Two 
stents were deployed in each animal where feasibte 



of the stent. 

10042] At the end of procedure, the carotid artery was 

SS?. and "\ e . S,dnisc,osedwW '3«» vicryl suture using 
a one layered interrupted closure. Animals were olven 

Un •). Following recovery, the animals were . returned to 

Eo43? 9 n BU !T 8d f TOe 800888 to a "* water. 
P>043 Due to early deaths and surgical difficulties. 2 
animals were not used in this analysis. Stented vessels 
were removed from the remaining 7 animals at the fol- 
towing time points: 1 vessel (1 animal) at 10 mh post 
*np ant; 6 vesseis (3 animals) between 45 min and 2 h 

atTdST { T? 3e - 1 2 h ° Ure): 2 VeSSels a "'™'s> 
at3dpostimplam;and2vessels(1 animal) at 7 d post- 

,n one a "^ai ^ 2 houre, the stent was retrieved 
from the aorta rather than the iliac artery. Upon removal. 
5Z£ I 6 "! w ™™* at both the proximal and 

d^lends of the stent. Vessels were then carefully dis- 
25 88cted,ree ° f latent, flushedto remove any residual 

lo^r uul ePa,a 8V ' 0 "' ,8be,ed and frozen ai 
;° °- ^ en 0,1 sa mples had been collected, vessels 

TJI'T. W8re frOZen ' ^sported and subsequently 
^ analyzed for rapamycin on the stent and in tissue. 

Example 6: Purifying the polymer. 

F,U0^e, 22610 C °P 0| y mer was dissolved 
as ri!S ^° Ut 10 W8i9W percent and was washed in 
a5 ^^ reo,et " a ^ater. The polymer precipl- 
teted out and was separated from the solvent phase oy 
cenwugation. The polymeragain was dissolved InMEK 
hhL =t WaShi u 9 procedure re P e ated. The polymer was 

« 22,!Er ^^^^P^eo-Clnavacuumoven 
w (<zoo mtorr) over night. 

Sample? : In vivo testing of coated stents in porcine 
coronary arteries. 

45 . ^° 45 J CrossFlex® stents (available from Cordis a 
Johnson & Johnson Company) were coated with the : as 

pvnT' ^ PVDF and with the 

punfied PVDF copolymer of example 6. using the dip 

50 uiino^hv^M Thecoated « a »«a ««« sterilize! 
using ethylene oxide and a standard cycle. The coated 
stents and bare metal stents (controls) were implanted 
in porcine coronary arteries, where they remained for 
2o days. 

[0046] Angiography was performed on the pigs at im- 
plantation and at 28 days. Angiography Indicated that 
the control uncoated stent exhibited about 21 percent 
restenosis. The polyfluoro copolymer 'as received" ex- 
hibited about 26% restenosis (equivalent to the control) 
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U""""""™"" 1 "Si -oMea neoMlmal «re. « 
100471 1 TtK*^"» a2 - 7M ' 3 - ,e! ^ 

SSSSSSKBSS 5 

b eL than the bare metal control. 
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■ -'SSsSsSS.'a 

ert surface to ^bein co device In said 

ma TS ESSE* • p^ ,uoro copoV - 

mammal, sawwnv f firet mon omer 
mer prepared from an , v.nyBdeneflu- 

and an amount of a 
:rdmonomero«^ 

^■"^^tSn^ copo^mer. 
tomeric properties to me h j nd me 

wherein the <^*££££S*U «n 
second nwnomer OT^e^ » P 

^^TdS ^n^d "ated'de^ is * 
about 100°C. 

preparedwlthfromaboutsoio ^ ^ 

cent of the Mt J ^nd monomer, 

about 15 we.ght percent of tne s 
based on total monomer weight usee wp k 

said copolymer. 40 
polymer. 

-rv H«^ a of claim 1 , wherein said copolymer is 
4. -n,e J utsstoaboutesweightper- 

f n 3 roomer weight used to prepare said co- 
polymer. 



tone and hexafluoroisobutylene. 

5 6 The device of claim 4 whemln said second mono- 
mer is hexanuoropropylene. 
-ru w^iantebte medical device of dahnl. wherein 
7 ' sStlCer^Sses a therapeutic and/or 

to pharmaceutical agent 



50 



eSomeric properties to the polyfluoro ccpof- 

' H the se cond monomer are effective ro piw 

use in coating implantable medical devfces 
T «Jted medical device Is subjected 
when said coated meoi«* 
to a maximum temperature of toss than boo 

l^enTinwh^saWpo^omcopo^te 
substantially soluble. 

based on total monomer weigm usbu k 
said copolymer. 

polymer. 
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13. The coating of claim 9 wherein said second mono- 
mer is selected from the group consisting of hex- 
afluoropropylene, tetrafluoroethylene, vlnylidene- 
fluortde, 1-hydropentafluoropropylene t perfluoro 
(methyl vinyl ether), chlorotrifiuoroethylene, pen- 5 
tafluoropropene, trifiuoroethylene, hexafluoroace- 
tone and hexafiuoroisobutyiene. 

14. The coating of claim 12 wherein said second mon- 
omer is hexafluoropropylene to 

15. The coating of claim 9, further comprising a thera- 
peutic and/or pharmaceutical agent. 

16. The coating of daim 9 comprising a polyvinyliden- is . 
efluoride copolymer effective to provide said coat- 
ing with properties sufficient for use in coating im- 
plantable medical devices when said coated device 

is subjected to a maximum temperature of less than 
about 65°C. 20 

17. The coating of claim 9 wherein said solvent is se- 
lected from the group consisting of dimethylaceta- 
mide, N.N-dimethylformamide, dimethyl sulfoxide, 
N-methylpyrrolldone, tetrahydrofuran, methylethyL 25 
ketone and acetone. 

18. A film prepared from the coating of claim 9. 

1 9. A film prepared from the coating of claim 1 5. 30 

20. A film according to claim 18 wherein thepolyfluoro 
copolymer is crosslinked. 

21 . A film according to daim 1 .B wherein the polyfluoro 35 
copolymer is crosslinkad. 
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